
NASA TT F-8128 ... . , 

'RELIMINARY XESULTS O F  INVESTIGATION O F  SUN'S X-RAY RADIATION 

WITH THE HELP O F  ROCKETS AND SPACESHIPS 

(P redva r i t e l ' nyye  r e z u l ' t a t y  i s s l e d o v a n i y a  rentgenovskogo 

i z l u c h e n i y a  S o l n t s a  s pomoshch'yu r a k e t  i kosmicheskih 

kocableg)  

Doklady A. N, SSSR, 

T. 140 ,  No. 5, pp. 1058-1061 
Moskva, 11 October 1961. 

by B, N.  V a s i l f y e v ,  
Yu, K .  Voron'ko, 
S, L. Mandel'shtam, 
I. P. Tindo & 
A, I. Shurygin 

(P resen ted  by Academician D, V. Skobel ' t syn  on 24,~.1961) 

Z09 W I O j  ll1113V'j 

ABSTRACT 

The p r e s e n t  work d e a l s  b r i e f l y  with t h e  p re l imina ry  

r e s u l t s  of  i n v e s t i g a t i o n s  of Sun's X-ray r a d i a t i o n  i n  t h e  r eg ion  

o f  spectrum s h o r t e r  t h a n  108, c a r r i e d  ou t  du r ing  two v e r t i c a l  

geophysical. rocke t  launchings  t o  105 krn on 21 July 1959, and du r ing  

t h e  f l i g h t s  of  t h e  second and t h i r d  spacesh ips  on 19-20 August 
( p e r i g e e  at  305 km, apogee a t  320 km), and on 1-2 December 1960 
( p e r i g e e  at 180 km, apogee at 249 ka). 

COVER-TO-COVER TRANSLATION 

The i n v e s t i g a t i o n  of t h e  Sun 's  shoktwave r a d i a t i o n  absorbed 

by t h e  t e r r e s t r i a l  atmosphere o f f e r s  a s u b s t a n t i a l  i n t e r e s t  f o r  

lnany ques t ions  of s o l a r  phys ics  and geophysics.  O f  e s s e n t i a l  i n t e r e s t  

is  t h e  s t u d y  of  t h e  shortwave edge of  t h e  solar spectrum extending  

t o  t h e  r eg ion  o f  s e v e r a l  h g s t r 6 m s .  Th i s  r a d i a t i o n  o r i g i n a t e s  from 

t h e  h o t t e s t  parts o f  the  solar corona, and i t  is  s u b j e c t  t o  quick 

v a r i a t i o n s  l i n k e d  with t h e  dynamics of  s t i l l  obscure phys ica l  pro- 

c e s s e s  t a k i n g  p l ace  i n  t h e  o u t e r  envelopes o f  t he  Sun. It a l s o  pene- 

t r a t e s  t h e  t e r s e s t r i d .  atmosphere t o  utmost depths  and plays a sub- 

s t a n t i a l  p a r t  i n  t he  formation of t h e  lower  ionosphere l a y e r s ,  



The t h e o r e t i c a l  i n v e s t i g a t i o n  of t h e  Sun ’s  shortwave r a d i a t i o n  

w a s  c a r r i e d  o u t  by I ,  S .  Shklovskiy Ellp and then  by De J a g e r  and 

Elwer t  if21, T. V, Kazachevskaya and G .  S. Ivanov-Kholodnyy [SI. 
During t h e  past  decade experimental  i n v e s t i g a t i o n s  o f  t h e  

s o l a r  X-ray r a d i a t i o n  have been conducted i n  t h e  U . S . A  with  t h e  

h e l p  o f  rocke t s  by H. Friedman and c o l l a b o r a t o r s  [&I. N a t u r a l l y ,  

t h e  experimental  material a v a i l a b l e  a t  p r e s e n t  is comparat ively 

s m a l l ,  and a f u r t h e r  sys t ema t i c  r e s e a r c h  i n  t h a t  f i e l d  wi th  t h e  

h e l p  of  r o c k e t s ,  and p a r t i c u l a r l y  of  s a t e l l i t e s  is i n d i s p e n s a b l e ,  

f o r  t h e  l a t t e r  provide t h e  p o s s i b i l i t y  of i n v e s t i g a t i n g  t h e  va r i a -  

t i o n s  of t h e  r a d i a t i o n  i n  t ime. 

I n  t h e  appara tus  i n s t a l l e d  by us aboard r o c k e t s ,  Geiger  

end-window photon coun te r s  were used as r a d i a t i o n  r e c e i v e r s ,  wi th  

a window made of mica (1.6 mg/cmz, d 2-4 mm) wi th  an aluminum coa- 

t i n g  of  about 2 The counters  were p laced  o u t s i d e  the  dev ices ’  

c o n t a i n e r ,  which w a s  s e l f - o r i e n t i n g  by t h e  Sun a f t e r  its separa-  

t i o n  from t h e  rocke t .  I n  o t h e r  t o  s h i e l d  t h e  window from l o w e n e r g y  

e l e c t r o n s ,  l i k e l y  t o  impart  X-ray brehmstrahlung at  counters ’  i n p u t  

a magnetic system w a s  i n s t a l l e d  s o  as t o  prevent  bombardment o f  

t h e  window by e l e c t r o n s  wi th  15-20keV e n e r g i e s ,  and a l s o  c o n t r o l  

counters .  

I”’ 

From t h e  c o u n t e r s , p u l s e s  were t r ans in i t t ed  t o  two s c a l i n g  

c i r c u i t s .  The count ing  r a t e  was t r a n s m i t t e d  t o  t h e  E a r t h  by a t e l e -  

m e t r i c  system. The launchings  were e f f e c t e d  i n  morning and evening,  

and i n  both experiments t h e  z e n i t h a l  d i s t a n c e  of  t h e  Sun was n e a r  

90’4 
A no tab le  count ing  ra te  i n c r e a s e  w a s  r e g i s t e r e d  i n  t h e  

Sun-oriented counters  beginning wi th  t h e  95 k m  a l t i t u d e .  I n  both  

cases  t h e  corrzsOl coun te r s  i n d i c a t e d  t h e  absence o f  a no tab le  number 

o f  e l e c t r o n s .  Th i s  a l lows us t o  a s c r i b e  t o  solar X-ray r a d i a t i o n  

t h e  r e g i s t e r e d  d a t a .  
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The readings  of  t h e  ope ra t ing  and c o n t r o l  coun te r s  of  t h e  

second l aunch ing  are p l o t t e d  i n  F igure  1. I n  t h i s  experiment t h e  

c o n t r o l  counter  was turned  o f f  t h e  Sun by l 5 O .  The second s m d i l  m a x i -  
mum o f  t h e  count ing  ra te  corresponds t o  t h e  maximum of  t h e  cosmic 

background . 
O r i g i n a t i n g  from Wikhnevich d a t a  on atmosphere d e n s i t y  d i s -  

t r i b u t i o n  by a l t i t u d e  r5]? - t h e  r e s u l t s  of measurements were extra- 
p o l a t e d  t o  t h e  atnosphere boundary. The ob ta ined  va lues  of  t h e  r a d i a -  

0 2 t i o n  flux i n  t h e  2 -  1 0  A r eg ion  were 
sec.  A class 1 chromospheric f l a r e  w a s  observed du r ing  t h e  l aunch ing  

of t h e  second r o c k e t .  I f  we admit t h a t  t h e  Sun's r a d i a t i o n  i n  t h e  

2 -10  d r eg ion  of t h e  spectrum is conrbinous and has  a r e t a r d i n g  

c h a r a c t e r  with a temperature  of  4.5 K ,  t h e  exper imenta l ly  obser- 

ved v a r i a t i o n  with a l t i t u d e  of  r a d i a t i o n  i n t e n s i t y  is s a t i s f a c t o r i l y  

approximated, 

7.3 lOM4and 3.2 10'4erg/cm - 

>%,g. 1 . Counting r a t e  liT as F i g . 2 ,  Po r t ion  of  t he  r e g i s t r a t i o n  
a func t ion  of t ime a f te r  o f  counter  - readings  obta ined  on 
r o c k e t ' s  t a k e o f f .  20 Aug.1960 on t h e  2nd spacesh ip  
a - r ead ings  o f  t he  Sun- equipped with b e r i l l i u m  windows. 
o r i e n t e d  counter .  T ime  is Noscow t ime.  
6 - readings  o f  t h e  c o n t r o l  
counter .  

In t h e  apparakus i n s t a l l e d  aboard t h e  second spacesh ip ,  

6 end-window photon coun te r s  were used as r a d i a t i o n  r e c e i v e r s .  They 

were c lose6  by windows made o f  be ry l l i um 0.1 mm t h i c k ,  and 7 m i n  

diameter .  The counters  were i n s t a l l e d  i n  t h e  appara tus 'bay  i n  s i x  
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mutua l ly  pe rpend icu la r  d i r e c t i o n s .  The h a l  f-width o f  each coun te r ' s  

v i s u a l  f i e l d  r ep resen ted  about  25'. The coun te r s '  windows were provi -  

ded with a magnetic s h i e l d i n g ,  Pu l ses  from all coun te r s  en te red  t h e  

i n p u t  of t h e  t o t a l  s c a l i n g  c i r c u i t ,  whose last stages ( l o c a t i o n s )  

were counted every  3 minutes by t h e  memory device .  The r ead ings  o f  

t h i s  device  for 13 s p x e s h i p ' s  r e v o l u t i o n s  were telernetered t o  t h e  

Ea r th .  Besides ,  t h e  count ing  rate w a s  d i r e c t l y  telemitwed a t  t imes 

of  r a d i o  comxmica t ion  w i t h  t h e  Ea r th .  

A p o r t i o n  of  t h e  r e g i s t r a t i o n  of t he  s torage device  is pre-  

s e n t e d  i n  F igure  2 .  I n t e r B d s  du r ing  which t h e  spacesh ip  was i n  t h e  

E a r t h ' s  shade are under l ined  i n  t h e  lower  p a r t  of t h e  F igure .  

On t h e  sunny s i d e  of  t h e  o r b i t  coun te r s  r e g i s t e r e d  a subs tan-  

tial r a d i a t i o n  caus ing  count ing  r a t e s  o f  t h e  o rde r  of  s e v e r a l  thou- 

sand  p u l s e s  p e r  second. On t h e  shadow s i d e  o f  t h e  o r b i t  t h e  count ing  

r a t e  decreases  t o  s e v e r a l  t e n s  o f  p d s e s  p e r  second c h a r a c t e r i z i n g  

t h e  cosmic background. The s t epped  c h a r a c t e r  o f  t h e  r e g i s t r a t i o n  a t  

t h e  sunny s i d e  is provoked by t h e  Sun's depa r tu re  from coun te r s '  

v i s u a l  f i e l d .  

The r eg ions  of  h igh  count ing  r a t e s  p a r t i a l l y  e n t e r  t h e  sha- 

dow zone of  t h e  o r b i t .  These p o r t i o n s  of  t h e  o r b i t  a r e  b a s i c a l l y  

d isposed  at l a t i t u d e s  where works by Vernov, Chudakov and Van Al len  

r evea led  p r o t r u s i o n s  of  t h e  o u t e r  r a d i a t i o n  b e l t  [GI. It is n a t u r a l  

t o  admit t h a t  t h e  h igh  e o p t i n g  rate i n  t h e  shadow p o r t i o n s  of t h e  

o r b i t  ma.@ caused by e l e c t r o n  brehmstrahlung and f a s t - p e n e t r a t i n g  

p a r t i c l e s .  It is r a t h e r  d i f f i c u l t  t o  s e p a r a t e  t h e  c o n t r i b u t i o n  o f  

t h e  Sun ' s  X-ray r a d i a t i o n  from t h e  a c t i o n  b f  p a r t i c l e s  on t h e  s o l a r  

s i d e  of  t h e  o r b i t  i n  t h e  r e g i o n  of  h igh  and middle l a t i t u d e s .  As t o  

t h e  r eg ion  of  low l a t i t u d e s ,  t h e  a n a l y s i s  of  r e g i s t r a t i o n s  i n  t h e  

shadow p o r t i o n  of t h e  o r b i t  shows t h a t  a t  t h e  he igh t  of spacesh ip ' s  

o r b i t ,  t h e  r a d i a t i o n ,  dependent upon r a d i a t i o n  b e l t s ,  does n o t  ex tend  

below 30 - 40' n o r t h e r n ,  and 20 - SO0 sou the rn  l a t i k u d e s .  It may be 

admi t ted ,  as t h i s  was corrobora ted  by t h e  subsequent  experiments on 

t h e  t h i r d  spacesh ip ,  t h a t  t h e  same t akes  p l a c e  at t h e  solar s i d e  of  
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t h e  o r b i t .  Therefore ,  t h e  i n d i c a t i o n s  o€  t h e  coun te r s  i n  t h e  l a t i t u d e  

r eg ion  below 20 - 30°, may be b a s i c a l l y  a s c r i b e d  t o  X-ray r a d i a t i o n  of ~ - 

t h e  Sun * ) .  For  t h e  r a d i a t i o n  flux i n  

7.6 lom4 ergs/cm2-. s e c  is obta ined ,  

. 
h 

' 

la" - 

c_I_ 

F i g ,  3 , P o r t i o n  o f  e n t r i k k  obta'i- -' 

ned on 1 December 1960 aboard the  
t h i r d  s p a c e s h i p :  
a -  readings  of  t h e  a i c a  coun te r s  
Sun-oriented ; 
6- readings  of c o n t r o l  mica coun- 
t e r s  ; 
6 -  readings  of  t he  be ry l l imn  coun- 
t e r s .  
A l l  d a t a  a r e  i n  pulse /sec  for one 
coun te r ,  The t ime is Moscow time. 

the 2 -  1 0  H r eg ion ,  t h e  magnitude 

The fo l lowing  mod i f i ca t ions  were 

in t roduced  i n  t h e  appara tus  i n s -  

t a l l e d  aboard t h e  t h i r d  space- 

s h i p ;  two counters  with a mica 

window (1,6 mg/cm2, d 1 4  m),  
covered by two l a y e r s  of  aluminum 

f o i l ,  5 t h i c k ,  switched i n  p a r a l -  

l e l ,  were i n s t a l l e d  on se l f - indu-  

c i n g  system o f  s o l a r  b a t t e r i e s  of 
t h e  s p a c e s h i p -  t h e i r  axis; t h e y  

t h u s  were c o n s t a n t l y  Sun-oriented,  

Two s i m i l a r  coun te r s  were d isposed  

on t h a t  system wi th  axes d i r e c t e d  

pe rpend icu la r ly  t o  t h e  d i r e c t i o n  

toward the  Sun. A tantalum p l a t e  

at 4.5O angle  wi th  t h e  d i r e c t i o n  

of  t h e  Sun w a s  d isposed i n  f r o n t  

of  t h e  counters  1 windows , These 

c o n t r o l  counters  obviously r e g i -  

s t e r e d  only  the  X-ray r a d i a t i o n ,  

appear ing  at e l e c t r o n  r e t a r d a t i o n  

on t h e  tan ta lum p l a t e ,  and t h u s  allowed t o  o u t l i n e  p o r t i o n s  of t he  o r b i t  

w i th  a no tab le  background o f  e l e c t r o n s e  Two counters  w i th  a be ry l l i um 

window 0.1 mm t h i c k  with p a r a l l e l  axes and switched i n  p a r a l l e l  were 

i n s t a l l e d  i n  t h e  appara tus  compartment. The counters  were provided wi th  

a magnetic s h i e l d i n g .  The s c a l i n g  scheme and the  r e g i s t r a t i o n  o f  p u l s e s  

by t h e  s t o r a g e  device were as p rev ious ly  and c o n s i s t e d  o f  t h r e e  indepen- 

den t  channels.  

* I  s e e  i n f r a p a g i n d  note  page 7. 
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A p o r t i o n  of e n t r i e s  is rep resen ted  i n  F igure  3 .  The charac-  

t e r  of coun te r s '  e n t r i e s ,  and namely o f  those  Sun-oriented is t h e  

same as b e f o r e ,  i. e. t h e  b a s i c  r a d i a t i o n  is concent ra ted  on t h e  s o l a r  

s i d e  of t h e  o r b i t ;  t h e r e  is however a s u b s t a n t i a l  p a r t i a l  r a d i a t i o n  

on the  shadow s i d e  too .  Under t h e  guidance of c o n t r o l  counter  r ead ings  

p o r t i o n s  of  e n t r i e s  of  counters  d i r e c t e d  toward t h e  Sun, and those  o f  

t h e  compartment counters  where e l e c t r o n  i n t e r f e r e n c e s  a r e  s t r o n g ,  may 

be  excluded. The r a d i a t i o n  r e g i s t e r e d  on p o r t i o n s  of  t h e  o r b i t ,  f r e e  

from these  i n t e r f e r e n c e s ,  is due t o  s o l a r  X-ray r a d i a t i o n .  The presence 

o f  d i p s  i n  t h e  c o u n t e r ' s  n 6 r *  e n t r i e s ,  fo l lowing  the  Sun, is due t o  

temporary shading  of t h e  system, as w a s  shown by the  c o l l a t i o n  of  

t h e s e  p o r t i o n s  wi th  the  e n t r i e s  of s o l a r  b a t t e r i e s '  c u r r e n t ,  The 

s e p a r a t e  m a x i m a  of  t h e  count ing  r a t e  ob ta ined  i n  the  low- la t i t ude  

r eg ions  on t h e  solar s i d e  o f  t h e  o r b i t  f o r  counters  i n s t a l l e d  i n  t h e  

in s t rumen t  compartment, correspond t o  t h e  p o s i t i o n  o f  t h e  Sun wi th in  

t h e  v i s u a l  f i e l d  o f  t hese  counters .  S t a r t i n g  from t h e  m a x i m u m  count ing  

rate of  t h e  coun te r s  wi th  be ry l l i um windows, t h e  ob ta ined  magnitude 

o f  t he  X-ray f l u x  i n  t h e  r eg ion  2 - 10 H i s  2.4 ergs/cm -sec .  

The momparison of  both coun te r s '  r ead ings  g i v e s  for t h e  e l e c t r o n  

temperature  of t h e  Sun's r a d i a t i o n  i n  t h i s  spectrum reg ion  a magnitude 

d 2  e 1 0  i n  t h e  assumption, t h a t  t h e  r a d i a t i o n  has a r e t a r d i n g  charac- 

t e r .  The X-ray r a d i a t i o n  flux remained q u i t e  cons t an t  n i t l i i n  t h e  e n t i -  

r e  measurement range . 

2 

6 

It must be borne i n  mind t h a t  t h e  above-presented abso lu te  

e s t i m a t e s  o f  energy a r e  approximate,  bu t  v a l i d  wi tb in  t h e  l i m i t s  of  

a p o s s i b l e  e r r o r  o f  t h e  o r d e r  of 2 - 3  

The r e s u l t s  o f  our  measurements agree  wel l  wi th  those of  

PI. Friedman, e f f e c t e d  du r ing  t h e  e x t e n t  of  a t o t a l  s o l a r  cyc le .  H e  

has  obta ined  f o r  reg ions  s h o r t b r  than  8 i, 
3 0 loo6 and 1.5 lom3 ergs/cm 

magnitudes between 

-sec , 
On t h e  b a s i s  o f  mica c o n t r o l  counter  r ead ings ,  r eg ions  of 

no tab le  amounts o f  e l e c t r o n s  are o u t l i n e d  i n  t h e  map o f  F igure  4, 
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Fig ,  4 

O r i e n t a t i o n  map of r eg ions  wi th  a no tab le  

co rpuscu la r  r a d i a t i o n  accord ing  t o  d a t a  

s u p p l i e d  by t h e  c o n t r o l  a i c a  counters  

i n s t a l l e d  aboard t h e  3 r d  S o v i e t  spaceship .  

The numbers over  t h e  curves i n d i c a t e  t h e  

coun t ing  r a t e s  i n  pulse/second for one 

coun te r  e 

* )  Frovvl page 5 : 
The absence of no tab le  background from e l e c t r o n s  i n  t h e  
r eg ion  of  low l a t i t u d e s  i s  co r robora t ed  by t h e  fact t h a t  
i n  c e r t a i n  e n t r y  p o r t i o n s  of t h e  d i r e c t  t r ansmiss ion  on 
t h e  solar s i d e  of  t h e  o r b i t ,  t h e  count ing  r a t e  dropped 
as t h e  Sun d r i f t e d  away from t h e  v i s u a l  f i e l d  of  t h e  
coun te r s  till t h e  cosmic background l e v e l .  
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\ 

A s  a l r e a d y  i n d i c a t e d ,  t h e s e  reg ions  ex tend  down t o  20  - 30' l a t i t u d e s .  

There i s  an anomaly, l y i n g  i n  the  r e g i o n  from 35 t o  50° sou the rn  l a t i -  

t u d e ,  and from 30.3 to abo& 
a l s o  i n  t h e  work by L. V. Kurnosova and o t h e r s  [7]. The boundaries  o f  

t h e  r eg ions  corresponding t o  va r ious  l e v e l s  of  p a r t i c l e  count ,  a r e  

q u i t e  convent iona l ,  and probably i n c o n s t a n t  i n  t ime. 

20' e a s t e r n  l o n g i t u d e ,  which was observed 

Phys ica l  I n s t i t u t e  i n  t h e  name o f  
I?, I?. Lebedev 

o f  t h e  USSR Academy of  Sc iences  

Entered on 1 9  Apr i l  1961 
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